In order to explore the influence of interlayer between dielectric layer and channel layer on performance of thin film transistors (TFTs), the single layer titanium doped zinc oxide (TiZO) TFTs and the dual layer indium tin oxide (ITO)/TiZO TFTs were fabricated successfully in this work. The effects of interlayer thickness on the performance of TFTs were studied and the optimal thickness condition was obtained. The experimental results indicate that the introduction of interlayer contributes to the improvement of TFT characteristics. In addition, the dual-layer ITO/TiZO TFTs also present a good uniformity, which is suitable for large-area display applications.
I. INTRODUCTION
Traditional amorphous silicon TFT has been unable to meet the requirements of new display technologies, such as transparent display, flexible display, vehicle display and so on [1] - [5] . Metal oxide materials have attracted extensive attention due to their high transparency in visible spectral region, low processing temperature and good electrical characteristics [6] - [8] . Recently, an amount of new oxide materials have emerged, applied to the active layer of TFTs [9] - [12] .
Material based on zinc oxide (ZnO) as a kind of nontoxic, environment-friendly and low-cost material can be an ideal application material. In this work, TiZO has been used as the active layer for TFT, in which abundance of titanium is high in the earth and can meet the long-term development needs [13] . The process is compatible with conventional TFT fabrication process with a good application prospect. TiZO TFTs were fabricated successfully by the cosputtering technology and effects of sputtering power on the electrical performance were investigated in our previous study [14] . On this basis, a preparation process of dual-layer ITO/TiZO TFT has been proposed. The ITO is a thin layer of a few nanometers, located at the interface of the gate dielectric and the channel layer. Nguyen et al. reported enhanced electrical properties of InSnZnO TFTs with insertion of a very thin ITO film for channel [15] . Li et al. reported improving the electrical performance of HfInZnO TFTs by introducing a thin ITO interlayer [16] . Yang et al. proposed an IZO-inserted double-layer channel TFT exhibiting high field-effect mobility and on-current, which can be attributed to the In-rich IZO layer with high carrier concentration as the front channel [17] . The Hall mobility of amorphous metal oxide semiconductor increases with increasing carrier concentration according to percolation conduction theory [18] , [19] .
In this work, we fabricated single-layer TiZO TFT and dual-layer TiZO TFT with thin ITO layer insertion for the channel, to explore the influence of interlayer on device performance. In addition, the relevant material analyses have been carried out. with 100 nm-thick thermal oxidized SiO 2 were prepared for substrates. The single-layer TiZO TFTs and dual-layer ITO/TiZO TFTs were fabricated respectively. The thickness of channel layer was fixed at 30 nm. The TiZO was deposited by the cosputtering of ZnO and Ti targets. Ti was sputtered using RF electrical source with power fixed at 80 W, while ZnO was sputtered using DC electrical source with power fixed at 60W. The electrical characteristics of TiZO TFT fabricated by cosputtering process have been investigated and optimal process conditions have been obtained in our previous report [14] . The sputter chamber pressure was set at 1 Pa and working gases were Ar and O 2 with a flux ratio of 90: 20. The ITO thin film was deposited at pure Ar. For dual-layer channel TFTs, the effects of interlayer thickness on device performance were investigated by adjusting the interlayer sputtering time. After that, the 120 nm-thick ITO source/drain electrodes were formed by RF sputtering and lift-off process. The electrical properties of the TFTs were characterized in dark at room temperature using a semiconductor parametric analyzer (Agilent B1500). Fig. 2 shows the dependence of transfer curve of ITO/TiZO TFT on the ITO interlayer thickness. As shown in Fig. 2 , with the increase of ITO interlayer thickness, on current (I on ) and off current (I off ) of the device have increased. When ITO is only 6 nm thick, drain current cannot be controlled by the gate voltage, thus the pure ITO TFT is not prepared. The optimal switching characteristics are obtained at ITO interlayer thickness of 2.5 nm. The transfer characteristics of single-layer channel TFT and dual-layer channel TFT are compared in Fig. 3 . The I on /I off is increased by approximately three orders of magnitude with 2.5 nm ITO layer insertion for the channel, which is mainly due to the significant increase of I on and slight decrease of I off for dual-layer TFT. In addition, the subthreshold swing (SS) is improved from 0.66 V/dec to 0.15 V/dec with 2.5 nm ITO layer insertion for the channel. To further analyze this phenomenon, the X-ray photoelectron spectroscopy (XPS) measurement of TiZO thin film and ITO thin film was carried out respectively. The O1s peak in the surface can be consistently fitted by three nearly Gaussian, centered at 529. [20] - [24] . The area ratio of O 2 is 29 % for TiZO and 36 % for ITO, shown in Fig. 4 . This result means that ITO contains more oxygen vacancies that act as donors in metal oxide semiconductor [25] - [27] . Therefore, a higher drive current can be obtained by introducing a thin ITO interlayer. However, as the thickness of ITO interlayer increases, the active layer loses good semiconductor characteristics and is difficult to be controlled effectively by the gate electrode. Fig. 5 displays the X-ray diffraction (XRD) patterns of TiZO thin film and ITO/TiZO thin film deposited on glass substrate. Both the films show a peak at approximately 34 • that matches the diffraction peak position of ZnO, indicating that TiZO thin films are crystallized in a hexagonal structure with a preferred c-axis orientation. For ITO/TiZO thin film, the intensity of diffraction peak is relatively weak, which may be due to the introduction of ITO film with different crystal structure from ZnO material. The thickness of ITO film is only 2.5 nm, so the XRD pattern of sample still shows a crystalline peak close to ZnO. Compared with ITO/TiZO bilayer structure, the single-layer TiZO material exhibits obvious polycrystalline structure, resulting in a large I off of the singlelayer TFT. In order to investigate surface morphology of the channel materials, the scanning electron microscopy (SEM) and atomic force microscopy (AFM) were carried out shown in Fig. 6 . The particles of both TiZO thin film and ITO/TiZO thin film are dense and uniform. The root mean square roughness (RMS) of TiZO thin film and ITO/TiZO thin film is 0.3118 nm and 0.4358 nm respectively. The similar material properties of TiZO thin film and ITO/TiZO thin film indicate that the surface morphology of thin film is not the key factor determining the device characteristics. In order to study the uniformity of devices, transfer curves of ITO/TiZO TFTs from different areas of substrate were measured. As shown in Fig. 7 , the curves are almost consistent with each other. We also examined the transfer curves of ITO/TiZO TFTs with various channel lengths (L), ranging from 100 µm to 10 µm with a fixed channel width (W) of 100 µm, shown in Fig. 8 . The curves vary regularly with the W/L ratio in accordance with the current formula law:
II. EXPERIMENTAL SECTION

III. RESULTS AND DISCUSSION
On the other hand, the channel resistance decreases as the L decreases, and thus the TFT current increases.
IV. CONCLUSION
The purpose of this paper is to study the influence of interlayer on the device performance. The single layer TiZO TFTs and the dual layer ITO/TiZO TFTs have been fabricated successfully. The optimal electrical characteristics of TiZO TFTs have been obtained by introducing a 2.5 nm ITO interlayer, the I on /I off of which is increased by approximately three orders of magnitude and the SS of which is improved from 0.66 V/dec to 0.15 V/dec. In addition, the dual-layer ITO/TiZO TFTs also present a good uniformity, which is suitable for large-area display applications.
